Conclusion: Among patients with COPD, inhaled corticosteroid use for at least 24 weeks is associated with a significantly increased risk of serious pneumonia, without a significantly increased risk of death.
Arch Intern Med. 2009; 169(3) : [219] [220] [221] [222] [223] [224] [225] [226] [227] [228] [229] I NHALED CORTICOSTEROIDS SUCH AS fluticasone propionate, budesonide, and beclomethasone dipropionate are widely used for the treatment of chronic obstructive pulmonary disease (COPD). 1, 2 They are recommended in combination with long-acting bronchodilators to reduce the frequency of exacerbations in symptomatic patients with a forced expiratory volume in the first second of expiration of less than 50% predicted (stage III, severe COPD; stage IV, very severe COPD) and repeated exacerbations. 1 The known adverse effects associated with inhaled corticosteroid use include the development of oropharyngeal candidiasis, 2 cataracts, 3 and fractures. 4 In a recent trial, patients with COPD who received inhalers containing fluticasone had a higher probability of pneumonia. 5 Another recent observational study raised the possi-bility of an association between the use of inhaled corticosteroids and the risk of hospitalization for pneumonia and mortality in elderly patients with COPD. 6 It is unclear whether the association with pneumonia is specific to the inhaled corticosteroid component or occurs because of an interaction with the long-acting ␤-agonist component of the combination inhaler. The magnitude and the strength of this potential association, if any, are also unknown. Limited information is currently available to clinicians on the long-term safety of inhaled corticosteroids in COPD. 1 Our primary objectives were to systematically review the current evidence of the risks of pneumonia with long-term use of inhaled corticosteroids in patients with COPD. We also aimed to ascertain the risk of pneumonia-related mortality and overall mortality in these trials as a secondary objective.
METHODS

ELIGIBILITY CRITERIA
Our specific inclusion criteria were (1) study design consisting of a randomized controlled trial (RCT) for any inhaled corticosteroid (fluticasone, beclomethasone, or budesonide) with at least 24 weeks of follow-up;
(2) study participants with COPD; (3) an inhaled corticosteroid as the intervention drug vs a control treatment, in which the comparison groups consisted of inhaled corticosteroids vs placebo or inhaled corticosteroid in combination with a long-acting ␤-agonist vs a long-acting ␤-agonist; and (4) data on the incidence of pneumonia (including 0 events) as an adverse event.
The analysis was restricted to RCTs of more than 24 weeks' duration to evaluate the risk of pneumonia associated with long-term use of inhaled corticosteroids. Randomized controlled trials of inhaled corticosteroids in patients with asthma were ineligible for inclusion. Observational studies susceptible to confounding and channeling bias were also excluded.
SEARCH STRATEGY
Two reviewers (A.V.A. and Y.K.L.) independently and in duplicate searched PubMed and EMBASE with the clinical trial filters using the search terms fluticasone or budesonide or beclomethasone or beclomethasone and chronic and obstructive with no language or date restrictions through June 30, 2008. Published or unpublished trials were retrieved from the Cochrane Database of Systematic Reviews, Web sites of the US Food and Drug Administration and European regulatory authorities, the manufacturers' product information sheets, and the manufacturers' clinical trials register of fluticasone and beclomethasone (GlaxoSmithKline) 7 and budesonide (AstraZeneca). 8 We checked the included and excluded studies lists from systematic reviews and metaanalyses of inhaled corticosteroids in COPD [9] [10] [11] [12] [13] [14] and the bibliographies of included studies and used the Web of Science citation index to identify relevant articles.
STUDY SELECTION
Two reviewers (A.V.A. and Y.K.L.) independently and in duplicate scanned all titles and abstracts that indicated the study was an RCT evaluating the use of inhaled corticosteroids by patients with COPD. After obtaining full reports of potentially relevant trials, the same reviewers independently assessed eligibility from full-text articles. Disagreements regarding eligibility were resolved with a third reviewer through consensus.
STUDY CHARACTERISTICS
A standard protocol was used to record the location and duration of the trial, the criteria used to diagnose COPD in participants, the primary outcome measure, the dose and frequency of inhaled corticosteroid and control interventions, the mean age and sex of participants, the severity of COPD in the participants as mean predicted forced expiratory volume in the first second of expiration, previous inhaled corticosteroid use, and the percentage of current smokers enrolled.
QUALITY ASSESSMENT
The Cochrane Toolkit was used for the assessment of bias in evaluating each trial for the reporting of sequence generation, allocation concealment, the use of blinding of participants and personnel, and information on loss to follow-up. 15 Information was extracted on additional potential sources of bias such as withdrawal rates. The frequency and type of adverse event monitoring during the follow-up period were evaluated as recommended in the Cochrane Handbook for Systematic Reviews of Interventions 15 to determine the strength of adverse event monitoring.
OUTCOME MEASURES
The end points of any pneumonia (pneumonia as an adverse event irrespective of severity) and serious pneumonia (pneumonia as a serious adverse event) were prespecified as the primary outcome measures. Serious adverse events are lifethreatening, require hospitalization, or lead to significant disability o r d e a t h . 1 6 T h e e n d p o i n t s o f pneumonia-related mortality (any death in which pneumonia was the cause of death) and overall mortality were prespecified as secondary outcome measures. The primary outcome of any pneumonia was inclusive of pneumonia reported as a serious adverse event, and the primary outcome of serious pneumonia was inclusive of pneumonia-related mortality.
DATA EXTRACTION
Two reviewers (A.V.A. and Y.K.L.) independently and separately extracted data (including 0 events) on any pneumonia among listings of adverse events, serious pneumonia among listings of pneumonia terms reported as serious adverse events, and pneumonia-related mortality and overall mortality from safety data collected as part of serious adverse event reporting for each study.
Data in the clinical trials register and the regulatory documents were reconciled with that of the published journal article when possible. If there were multiple reports for a particular study, data from the most recent version were extracted. When specific aspects of the data required clarification, the authors were contacted.
Two reviewers (A.V.A. and Y.K.L.) were independently involved in all stages of study selection, data extraction, and quality assessment. All discrepancies were resolved with 100% agreement after rechecking the source papers, further discussion among the reviewers, and consultation with a third reviewer (S.S.), with full consensus obtained before drafting the article. 
QUANTITATIVE DATA SYNTHESIS AND SENSITIVITY ANALYSIS
We used Review Manager software, version 5.0.15 (Nordic Cochrane Center, Copenhagen, Denmark), to calculate pooled relative risk (RR) and 95% con-fidence intervals (CIs) using a randomeffects model. Outcome data and data on trial participants were analyzed using a 2ϫ2 format according to the intentionto-treat principle. All reported P values are 2 sided, with significance set at less than .05. Statistical heterogeneity was assessed using the I 2 statistic; values of 50% or more indicated a substantial level of heterogeneity. 17 If substantial statistical heterogeneity was present (I 2 Ͼ50%), we planned to explore individual study characteristics and those of subgroups of the main body of evidence. We performed a sensitivity analysis to explore the influence on effect size for 37, 38 because the published version provided information on the probability of pneumonia and not the actual number of events. statistical models (fixed vs random effects), the influence of individual trials, and the risk of bias by restricting the analysis to RCTs considered to be at low risk of bias (adequate sequence generation, allocation concealment, and double blinding, with clear reporting of loss to follow-up). The fail-safe numbers using the Rosenberg method 18 were calculated to assess for the influence of publication bias on the meta-analysis. The fail-safe number represents the number of nonsignificant studies that would need to be added to a meta-analysis to reverse an overall statistically significant result to nonsignificance.
The number needed to harm with inhaled corticosteroids was calculated by applying the pooled RR estimates from the meta-analysis to the control event rate in a large trial population using Visual Rx, version 2.0. 19 The number needed to harm is the number of patients with COPD who needed to be treated with inhaled corticosteroid, rather than with pla-cebo or active comparators, for 1 additional patient to be harmed by an adverse event of pneumonia.
RESULTS
Of the 651 potentially relevant citations identified, and after a detailed review of 97 of those studies, 18 trials 5,20-36 fulfilled our inclusion criteria. The flow of the trial is shown in Figure 1 . Trial characteristics are given in Table 1 .
The trials included 16 996 patients, of whom 8635 received inhaled corticosteroids and 8361 received control therapy. The trials ranged in duration from 24 weeks to 3 years. The sample size ranged from 186 to 6184 in these trials. Six RCTs 21 cation concealment and double blinding, and clear reporting of loss to follow-up), whereas 9 RCTs [23] [24] [25] [26] 28, [30] [31] [32] [33] were at unclear risk of bias. None of theincludedtrialsusedobjectivepneumonia definitions, required radiographic confirmation of pneumonia, or specifically monitored pneumonia as an outcome of interest. Only 2 trials 23,35 that evaluated inhaled budesonide reported on pneumonia as an adverse event irrespective of severity. Sixteen trials 5, [20] [21] [22] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] 36 evaluated inhaled fluticasone vs a control and reported on pneumonia as a serious adverse event, with 5 of these trials 5, 24, 27, 30, 32 additionally reporting on pneumonia as an adverse event, irrespective of severity. Only 15 trials 5, 20, 22, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] 36 reported on pneumonia-related mortality, whereas all 18 trials 5, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] provided data on overall mortality.
Data on pneumonia for the Toward a Revolution in COPD Health (TORCH) Study 5 were extracted from regulatory documents 37,38 because the published version reported the probability of pneumonia rather than actual rates.
PRIMARY OUTCOME
Any Pneumonia
Use of inhaled corticosteroids was associated with a significantly increased risk of any pneumonia when compared with controls (641 of 8635 [7.4%] vs 397 of 8361 [4.7%]; RR, 1.60; 95% CI, 1.33-1.92 [PϽ.001]) in a meta-analysis of 18 trials involving 16 996 patients. 5, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] There was evidence of low statistical heterogeneity among the included trials (I 2 =16%) (Figure 2 ).
Serious Pneumonia
Use of inhaled corticosteroids was associated with a significantly in-creased risk of serious pneumonia (417 of 7979 [5.2%] vs 237 of 7705 [3.1%]; RR, 1.71; 95% CI, 1.46-1.99 [PϽ.001]) in a meta-analysis of 16 trials 5, [20] [21] [22] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] 36 involving 15 684 patients. There was no evidence of statistical heterogeneity among the trials (I 2 =0%) (Figure 3) .
The significantly increased risk of serious pneumonia associated with inhaled corticosteroid use was robust to the choice of comparators. The combination of inhaled corticosteroids and long-acting ␤agonists was associated with a significantly increased risk of serious pneumonia when compared with long-acting ␤-agonists (227 of 4500 [5.0%] vs 136 of 4473 [3.0%]; RR, 1.68; 95% CI, 1.20-2.34 [P=.002]) in a meta-analysis of 11 trials* involving 8973 patients. There was evidence of low statistical heteroge-* References 5, 20, [22] [23] [24] [26] [27] [28] [30] [31] [32] 36. (Figure 3 ).
SECONDARY OUTCOMES
Pneumonia-Related Mortality
Use of inhaled corticosteroids was not associated with a significantly increased risk of pneumonia-related mortality when compared with controls ( There was no evidence of statistical heterogeneity among t h e i n c l u d e d t r i a l s ( I 2 = 0 % ) ( Figure 5 ).
SENSITIVITY ANALYSIS
The fixed-effects analysis of pneumonia from 18 trials yielded effect sizes (RR 1.60; 95% CI, 1.42-1.80 [PϽ.001]) similar in magnitude and direction to those obtained from random-effects analysis. The sensitivity analysis of pneumonia limited to the 9 RCTs at low risk of bias 5, [20] [21] [22] 27, 29, [34] [35] [36] found that the risk of pneumonia (RR, 1.55; 95% CI, 1.19-2.00 [P=.001]) associated with inhaled corticosteroid use was similar in magnitude and direction to those from 9 trials in which the risk of bias was unclear (1.88; 1.29-2.75 [P=.001]). [23] [24] [25] [26] 28, [30] [31] [32] [33] After excluding the trial with the largest number of participants and the longest duration of follow-up, 5 the pooled analysis of pneumonia (RR, 1.69; 95% CI, 1.22-2.33 [P = .001]) associated with inhaled corticosteroid use from 17 RCTs was similar in magnitude and direction to those obtained from 18 RCTs.
FAIL-SAFE NUMBER
According to the Rosenberg method, 18 16 nonsignificant trials of †References 5, 21, 22, 25, 26, 28, 29, 33, 34. inhaled corticosteroids with an average sample size of 945 participants each would be required to reverse the significantly increased risk of pneumonia in the random effects meta-analysis.
ESTIMATED NUMBER NEEDED TO HARM
Assuming a baseline event rate of 30 per 1000 person-years for serious pneumonia in adult patients with COPD similar to the control event rate in the trial population of the TORCH Study, 38 the annualized number needed to harm for serious pneumonia associated with inhaled corticosteroid use added to long-acting ␤-agonist therapy is estimated to be 47 (95% CI, 34-73).
COMMENT
The use of inhaled corticosteroids for more than 24 weeks in patients with COPD is associated with a significantly increased risk of any pneumonia (RRs, an approximately 60% increased risk) and serious pneumonia (RRs, an approximately 70% increased risk) without a significant increase in the risk of pneumonia-related death or overall death. Our findings need to be interpreted in the context of evidence from recent database studies. Use of inhaled corticosteroids was associated with a dose-dependent increased risk of hospitalization for pneumonia (RR, 1.70; 95% CI, 1.63-1.77) and an increase in pneumoniarelated mortality in 30 days (1.53; 1.30-1.80) in a case-control study among elderly patients with COPD in Canada. 6 Another unpublished population-based cohort study in the General Practice Research Database in the United Kingdom reported a doubling in the risk of pneumonia 4 years after inhaled fluticasone exposure (odds ratio [OR], 2.08; 95% CI, 1.01-7.77). 39 Another unpublished case-control study based on the General Practice Research Database reported no significant association with pneumonia with inhaled corticosteroid exposure of up to 24 months, with or without long-acting ␤-agonists, when compared with short-acting ␤agonists. 40 However, the highest risk for pneumonia associated with inhaled corticosteroid use in combination with a long-acting ␤-agonist vide further guidance on optimal use of inhaled corticosteroids among patients with COPD. Despite these limitations, our findings have potential implications. Our findings suggest the possibility of a risk of pneumonia associated with the long-term use of inhaled corticosteroids in patients with COPD. The magnitude of this risk of serious pneumonia associated with inhaled corticosteroid use in patients with C O P D i s s u b s t a n t i a l ( R R s , approximately 70% increased risk) and may pose a substantial public health burden. Chronic obstructive pulmonary disease is a known risk factor for the occurrence of pneumonia 48, 49 and for hospitalization for pneumonia. 50 Patients with COPD and pneumonia also have a higher risk of mortality. 51 Clinicians should remain vigilant for the development of pneumonia with inhaled corticosteroid use because the signs and symptoms of pneumonia may closely mimic those of COPD exacerbations. Clinicians should reevaluate the benefit-harm profile of long-term inhaled corticosteroid use among patients with COPD. 
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